Supplemental Methods
Each leaf was given a weight equal to the square root of the number of individual genomes in the subcluster (as the leaves in the PhyML tree are, generally, representatives of similarity-based subclusters). In a leaves-to-root pass over the tree, each internal node was assigned 4 weights (for CA, EA, E and B) which represented the sum of the corresponding weights of the descendant nodes.
Each of these weights was then normalized by the taxon-specific sum across the tree. Note that by design of this procedure the root node acquires the weight of 1.0 for each of the four taxa. Each internal node was then formally labeled with a taxon that had the maximum taxon-specific weight.
For each node of the tree, two indices, "representativeness" (R) and "purity" (P), -were computed for the titular taxon. R is simply the taxon-specific weight, i.e., the fraction of all taxon members that descend from this node. P reflects the number of representatives of other taxa descend from this node and is computed as one minus the average weight of other taxa at this node.
Obviously, at the leaves P=1 (because a terminal node is assigned to a single taxon); the same holds for all subtrees where leaves are taxonomically homogeneous. In an ideal tree for each taxon, there exists a node with R=1 and P=1 (i.e. all members of a taxon are monophyletic on a taxonomically homogeneous subtree). In the real trees, each node was assigned a "quality" index Q=RP 2 , and for each taxon, the node with the maximum value of Q that is not a parent of a selected node for another taxon with a higher Q index was identified. The 4 selected nodes (one for each of CA, EA, E and B) represented the "largest nearly homogeneous" clades for the respective taxa and served as the sources of the representatives.
For the purpose of selection of representatives, the four representative nodes were treated as roots of the corresponding independent (sub)trees. Leaves from the non-titular taxa were removed and root-to-leaf as well as leaf-to-leaf distances were computed for the remaining leaves. Optimal root-to-leaf distance was set to that of the 33rd percentile of all root-to-leaf distances (i.e., favoring relatively slowly evolving genes but not the most slowly evolving ones). Each terminal node was "rewarded" for the minimum deviation of its root-to-leaf distance from the optimum value (computed as the ratio of the smaller of the two values to the larger one) and for the distance to the earlier selected representatives (the shortest distance was used). The leaf with the largest product of the two rewards was added to the pool of selected representatives; leaf-to-leaf distance rewards were recomputed (as the selected set changed) and the process was repeated until the required number of representatives was taken or the pool of candidates was exhausted.
Second-round Maximum Likelihood trees.
Representative sequences were re-aligned using the MUSCLE program (Edgar 2004) . Maximum Likelihood trees were constructed using the TreeFinder program (Jobb, von Haeseler, and Strimmer 2004) , with the evolutionary model chosen by PhyMLtree log-likelihood comparisons with estimated site rate heterogeneity. Tree topologies were compared using the TreeFinder program according to either their expected likelihood weights (Strimmer and Rambaut 2002) or by the Approximately Unbiased test (AU) p-value (Shimodaira 2002) . 
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